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Abstract
Background: Validated, inclusive and easy- to- use outcomes for hidradenitis suppu-
rativa are essential both in the clinical trial setting and clinical practice. The contin-
uous IHS4 is a validated tool that dynamically assesses nodules/abscesses/draining 
tunnels and classifies disease severity as mild/moderate/severe. However, dichoto-
mous outcomes are often required for clinical trials reporting.
Objective: To develop and validate a dichotomous outcome based on IHS4 that can 
be used in clinical trial settings and day- to- day clinical practice.
Methods: De- identified data from the PIONEER- I and - II studies were accessed 
through Vivli. Potential IHS4 thresholds were analysed using baseline to Week 12 
data from adalimumab-  and placebo- treated hidradenitis suppurativa patients in 
the PIONEER- I trial. The final threshold was chosen based on its ability to discrimi-
nate between patients treated with adalimumab or placebo and its association with 
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I N TRODUC TION

Hidradenitis suppurativa (HS) is a chronic, debilitating 
skin disease originating from the hair follicles, which af-
fects around 0.4% of the Western population.1 Lesions arise 
mainly in the axillae, groin and gluteal areas and include 
inflammatory nodules, painful abscesses and draining tun-
nels. The treatment options for this debilitating disease are 
limited and often lack high quality evidence.2- 4 Despite the 
prevalence and high burden of this disease, there is currently 
only one EMA-  and FDA- approved biologic for HS; adalim-
umab. However, only around 40%– 60% of patients achieve 
clinical response on adalimumab highlighting the pressing 
need for additional effective treatments.5,6

In order to identify effective treatments in clinical trials 
for HS, a good primary outcome measure is vital. The cur-
rent gold standard primary outcome in HS clinical trials is 
the Hidradenitis Suppurativa Clinical Response (HiSCR).7 
This dichotomous, FDA- supported outcome was designed 
retrospectively in a phase 2 adalimumab trial study popu-
lation.7 The HiSCR identifies treatment responders as those 
who achieve at least a 50% reduction in abscess and nodule 
count (AN- count) without an increase in the number of ab-
scesses or draining tunnels relative to baseline.7 Despite its 
wide use, the drawbacks of this score have become increas-
ingly apparent in recent clinical trials.

Firstly, patients with an AN- count under 3 were excluded 
from the clinical trial in which the HiSCR was developed. 
This means that HiSCR may be less stable in patients with 
an AN- count <3, and it is therefore generally not used in pa-
tients with an AN- count <3 but multiple draining tunnels. 
Consequently, these patients are currently excluded from 

participating in all clinical trials that use HiSCR as the pri-
mary endpoint. Secondly, the HiSCR does not dynamically 
take into account draining tunnels.

Taken together, these drawbacks of the HiSCR demon-
strate the need for a new dichotomous outcome that captures 
the full range of clinical response to therapy.8 Therefore, we 
used the International Hidradenitis Suppurativa Severity 
Score System (IHS4), a continuous score that incorporates 
inflammatory nodules, abscesses and draining tunnels to 
develop a novel dichotomous outcome.9

M ETHODS

Development of dichotomous IHS4

Data

Access to data from the PIONEER- I and II studies was ob-
tained through the Vivli online platform (Microsoft). Data 
from patients receiving either adalimumab 40 mg weekly or 
placebo treatment were included from baseline (W0) and 
Week 12 (W12). Development of the dichotomous IHS4 
score was done using the PIONEER- I dataset, validation was 
conducted in the PIONEER- II and in the combined dataset 
(PIONEER- I and PIONEER- II).

Development of dichotomous IHS4

Eight different IHS4 thresholds were analysed as potential di-
chotomous variables: IHS4- 30, IHS4- 50, IHS4- 55, IHS4- 60, 

reduction in inflammatory lesions. The final threshold was validated using data from 
baseline to Week 12 from adalimumab-  and placebo- treated hidradenitis suppurativa 
patients in both the PIONEER- II and the combined PIONEER- I and - II studies.
Results: The best performing cut- off for the IHS4 was a 55% reduction of the IHS4 
score (IHS4- 55). Patients who achieved the IHS4- 55 had an odd's ratio of 2.00 [95%- 
CI 1.26– 3.18, p = 0.003], 2.79 (95%- CI 1.76– 4.43, p < 0.001) and 2.16 (95%- CI 1.43– 
3.29, p < 0.001) for being treated with adalimumab rather than placebo in PIONEER- I, 
PIONEER- II and the combined dataset, respectively. Additionally, the achievement 
of the IHS4- 55 was associated with a significant reduction in inflammatory nodules, 
abscesses and draining tunnels in all analysed datasets.
Conclusions: IHS4- 55, a novel dichotomous IHS4 version, based on a 55% reduction 
of the total score was developed. The IHS4- 55 performs similarly to the HiSCR in dis-
criminating between adalimumab-  and placebo- treated hidradenitis suppurativa pa-
tients and shows significant associations with reductions in lesion counts. Moreover, 
the IHS4- 55 addresses some of the HiSCR drawbacks by dynamically including drain-
ing tunnels in a validated manner. By allowing the analysis of hidradenitis suppurativa 
patients with an abscess and nodule count below 3 but many draining tunnels, this 
outcome measure will improve inclusivity in clinical trials.
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IHS4- 65, IHS4- 70, HIS4- 75, IHS4- 80, reflecting a 30%– 80% 
reduction in IHS4 score between W0 and W12. Following tests 
for normality, correlation matrices (Pearson's r or Spearman's 
rho coefficient where appropriate) were constructed between 
dichotomous IHS4 thresholds and (1) dichotomous active treat-
ment or placebo as intention to treat and per protocol variable, 
(2) reduction in number of inflammatory nodules, (3) reduc-
tion in abscesses and (4) reduction in draining tunnels. HiSCR 
was included in the correlation matrices as a reference. The 
choice of the final threshold for the dichotomous IHS4 score 
was based on these analyses: its ability to discriminate between 
adalimumab-  and placebo- treated patients and its associations 
with lesion count reductions after 12 weeks of treatment.

Association of final dichotomous IHS4 
outcome and HiSCR with clinical outcomes

Associations of final dichotomous IHS4 outcome and 
HiSCR with the reduction in lesion counts and C- reactive 
protein (CRP) were further assessed using either paired t 
test or Wilcoxon signed- rank on the differences between 
W0 and W12 for achievers and non- achievers separately. 
Associations between treatment arm and dichotomous IHS4 
achievement (or HiSCR achievement) were further assessed 
using Pearson's Chi Square test and binary logistic regres-
sion to quantify the odds ratios for these associations. In ad-
dition, subgroup analyses were performed for Hurley stage II 
and Hurley stage III patients separately.

External validation datasets PIONEER- II and 
combined dataset

Similar analyses as those mentioned in the above para-
graph were performed to assess the validity of the dichoto-
mous IHS4 outcome in the PIONEER- II and the combined 
PIONEER- I and PIONEER- II dataset.

Statistical analysis

Statistical analysis of the PIONEER- I, PIONEER- II and 
combined datasets were performed within the online Vivli 
environment (Microsoft) using STATA (Stata Statistical 
Software: Release 16., StataCorp LP).

R E SU LTS

Study population PIONEER- I, PIONEER- II and 
combined dataset

Overall, the PIONEER- I development dataset contained 289 
patients, of which 49.8% (144/289) were treated with adali-
mumab and 50.2% (145/289) with placebo (Table 1). Fifty- five 
percent (159/289) of the patients in the PIONEER- I dataset 
had Hurley stage II disease; the remainder had Hurley stage 
III (130/289). In addition, 289 patients were included from 
the PIONEER- II validation dataset [51.6% (149/289) were 
treated with adalimumab and 48.4% (140/289) with pla-
cebo]. Of these patients, 53.6% (155/289) had Hurley stage II 
and 46.4% (134/289) Hurley stage III disease. The combined 
validation dataset (PIONEER- I and PIONEER- II) comprised 
578 patients of which 50.7% (293/578) received adalimumab 
and 49.3% (285/578) placebo. The mean IHS4 score among 
adalimumab- treated patients was 35.3 and 26.1 in the 
PIONEER- I and II datasets, respectively. Among placebo- 
treated patients the median IHS4 score was 32.8 and 28.9, 
respectively.

Development of IHS4- 55 in PIONEER- I dataset

Based on the correlation matrices for the treatment group 
and reduction in lesion counts, the best performing 
IHS4 threshold in the PIONEER- I dataset was found to 
be a 55% reduction in overall IHS4 score (Table  S1). This 

T A B L E  1  Baseline data of included patients from PIONEER- I and PIONEER- II studies

PIONEER- I PIONEER- II

Adalimumab, n = 144 Placebo, n = 145 Adalimumab, n = 149 Placebo, n = 140

Sex

Female, n (%) 85 (59.0) 100 (69.0) 97 (65.1) 98 (70.0)

Age, mean ± SD 36.3 ± 10.9 38.1 ± 11.2 34.9 ± 10.0 36.2 ± 12.7

Hurley staging

Hurley stage II, n (%) 80 (55.6) 79 (54.5) 76 (51.0) 79 (56.4)

Hurley stage III, n (%) 64 (44.4) 66 (45.5) 73 (49.0) 61 (43.6)

Lesion counts

Inflammatory nodules, mean (SD) 11.5 (11.0) 11.6 (14.1) 8.7 (8.2) 9.3 (10.0)

Abscesses, mean (SD) 2.9 (3.4) 2.8 (3.5) 2.1 (2.8) 2.4 (3.5)

Draining tunnels, mean (SD) 4.6 (5.1) 3.8 (4.3) 3.1 (4.4) 3.7 (5.0)

IHS4 score, mean (SD) 35.3 (27) 32.8 (28.1) 26.1 (24.7) 28.9 (33.4)

Abbreviations: SD, standard deviation.
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dichotomous IHS4- 55 had an odds ratio (OR) of identify-
ing adalimumab treated patients of 2.00 [95% confidence 
interval (CI) 1.26– 3.18] in the PIONEER- I dataset (Table 2). 
Moreover, the achievement of IHS4- 55 was associated with 
a significant reduction in inflammatory nodules, abscesses 
and draining tunnels in the PIONEER- I dataset (Table 3), 
while non- achievers did not show a significant reduction in 
any of the lesion counts. In the PIONEER- I dataset, 65/144 
(45%) of patients treated with adalimumab achieved the 
IHS4- 55 and 62/144 (43%) achieved HiSCR, compared with 
41/145 (28%, IHS4- 55) and 40/145 (28%, HiSCR) of patients 
treated with placebo. Moreover, the achievement of the 
IHS4- 55 was associated with a significant reduction in CRP 
(Table 3).

Validation of IHS4- 55 in PIONEER- II and 
combined datasets

Similar results for the IHS4- 55 with regard to discrimina-
tion between adalimumab-  and placebo- treated patients 
as well as associations with decreased lesions counts were 
found in both validation datasets. In the PIONEER- II 
and combined dataset, the IHS4- 55 demonstrated an OR 
of identifying adalimumab- treated patients of 2.79 (95% 
CI 1.76– 4.43) and 2.16 (95% CI 1.43– 3.29), respectively 
(Table 2). The achievement of IHS4- 55 was associated with 
a significant reduction in inflammatory nodules, abscesses 
and draining tunnels in both validation datasets (Table 3). 
Non- achievers of the IHS4- 55 showed no significant reduc-
tion in lesion counts, except for inflammatory nodules in 
both datasets. IHS4- 55 achievers demonstrated a signifi-
cant reduction of CRP.

Overall, in the PIONEER- II dataset, 91/149 (61%) of 
adalimumab patients achieved the IHS4- 55 and 89/149 
(60%) achieved the HiSCR. Among placebo patients, 
43/140 (30%) achieved the IHS4- 55 and 41/140 (29%) the 
HiSCR.

Subgroup analysis of patients with Hurley stage II or 
Hurley stage III in the combined dataset showed that IHS4- 
55 achievers had a significant reduction in inflammatory 
lesion counts and CRP, where non- achievers did not, ex-
cept for inflammatory nodules in Hurley stage II patients 
(Tables S2 and S3).

DISCUSSION

In this study, we developed a new dichotomous outcome, the 
IHS4- 55, to measure treatment efficacy in HS. In all datasets, 
patients achieving the IHS4- 55 were 2– 3 times more likely to 
have received adalimumab treatment than placebo. In addition, 
the achievement of the IHS4- 55 was associated with significant 
reduction in inflammatory nodules, abscesses and draining 
tunnels, in both the development and validation datasets.

The IHS4- 55 and HiSCR were shown to perform relatively 
similarly in the PIONEER datasets regarding identifying 
adalimumab- treated patients and their associations with a re-
duction in inflammatory lesion counts. Nonetheless, the two 
scores have an important difference that could become in-
creasingly important in ongoing and future clinical trials. The 
primary difference between these scores is that the HiSCR 
only takes into account inflammatory nodules and abscesses 
where the IHS4- 55 additionally includes draining tunnels in 
a validated and dynamic manner.7,9 Failing to account for 
draining tunnels can have a dramatic impact on the outcome 
of clinical trials and development of promising new therapies 
as was demonstrated by a recent phase II trial assessing the ef-
ficacy of different dosages of IFX- 1 (vilobelimab) in patients 
with moderate– severe HS compared with placebo.10,11 In this 
trial, the difference in reduction of AN- count after 16 weeks 
of treatment was not significant between the placebo and the 
highest dosed vilobelimab groups. As a result, the HiSCR rate 
was not statistically different between the vilobelimab-  and 
placebo- treated groups, and the trial did not meet its primary 
endpoint.10 Additional analyses, however, demonstrated that 
the reduction in draining tunnels after 16 weeks of treatment 
was, indeed, significant between the placebo and highest 
dosed vilobelimab group. Consequently, the continuous IHS4 
score was shown to be significantly different between placebo 
and the highest dosed treatment group.11 This underlines the 
need for a dichotomous endpoint that dynamically includes 
draining tunnels, as is the case with the new IHS4- 55.

Importantly non- achievers for both IHS4- 55 and HiSCR 
also showed a statistically significant reduction in inflam-
matory nodule count between baseline and W12 in the 
PIONEER- II and combined datasets. Inflammatory nod-
ules in HS are known to have a high natural variability in 
relation to tunnels, which are more likely to be chronically 
inflamed and draining.12 Weighted scaling in the IHS4, 

T A B L E  2  IHS4- 55 and HiSCR correlation with treatment

Adalimumab treatment

PIONEER- I PIONEER- II Combined dataset

OR 95% CI p- value OR 95% CI p- value OR 95% CI p- value

IHS4- 55 achievement 2.00 1.26– 3.18 0.003 2.79 1.76– 4.43 <0.001 2.16 1.43– 3.29 <0.001

HiSCR achievement 1.96 1.28– 3.27 0.003 2.95 1.85– 4.69 <0.001 2.35 1.54– 3.59 <0.001

Abbreviations: 95% CI, 95% confidence interval; HiSCR, Hidradenitis Suppurativa Clinical Response; IHS4, International Hidradenitis Suppurativa Severity Score System; 
OR, odds ratio.
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where inflammatory nodules are assigned 1 point, abscesses 
2 points and draining tunnels 4 points puts emphasis on 
chronically draining lesions that patients report to have 
the highest impact on quality of life compared with more 
transient inflammatory nodules and abscesses.9 Outcomes 
incorporating a change in IHS4 reflect improvement in 
chronically draining and inflamed lesions rather than tran-
sient lesions alone. In contrast, the HiSCR counts abscesses 
and nodules equally without specific value for chronically 
draining tunnels, potentially making it more vulnerable to 
natural lesion variation than the weighted score of the IHS4.7

The new IHS4- 55 will also allow for the inclusion of a 
broader range of patients in clinical trials, as it was already 
shown by an additional external validation of the IHS4- 55 in a 
European antibiotics dataset (Van Straalen KR, Tzellos T, Alavi 
A et al. External validation of the IHS4- 55 in a European an-
tibiotics dataset. Under review). For the development of the 
HiSCR, patients with a AN- count under 3 were excluded. This 
ensured that a reduction of one abscess or nodule would not 
result in achieving the endpoint.5 However, this has led to the 
exclusion of patients with a large number of draining tunnels 
but an AN- count under 3 from clinical trials. Although the 
novel IHS4- 55 was developed in the same dataset, the combi-
nation of all inflammatory lesion counts in this score makes 
it suitable to include patients with few inflammatory nodules 
or abscesses and many draining tunnels. This might be of in-
creasing value as certain treatments have been shown to be 
more effective in reducing the drainage from tunnels rather 
than the absolute AN- count.11

It should be noted that by using the PIONEER datasets 
to calculate the novel IHS4- 55, the threshold is calculated 
in relation to the clinical response achieved by adalimumab 
treatment. However, with newer treatments in development, 
it is likely that future clinical trials will yield increasingly 
higher clinical response rates, similar to developments in 
other diseases, such as psoriasis. While the current data sug-
gest a 55% threshold, when the goal of treatment shifts, this 
dichotomous IHS4 can easily be updated similar to the in-
creasing threshold of the Psoriasis Area and Severity Index 
(PASI) to accommodate newer, more effective treatments.

In conclusion, the novel IHS4- 55 performs similarly to the 
current gold standard of HiSCR in discriminating between 
adalimumab and placebo treatment and its associations with 
reductions in inflammatory lesion counts. Simultaneously, 
the IHS4- 55 addresses the main drawbacks of the HiSCR; it 
dynamically includes draining tunnels in a validated manner 
and it allows for the inclusion of patients with an AN- count 
under 3 but multiple draining tunnels. Moreover, the fact that 
the continuous IHS4 is based on standard lesion counts and 
the use of the continuous IHS4 as a secondary endpoint in 
many ongoing clinical trials has already paved the way for im-
plementation of the new dichotomous IHS4- 55 as a second-
ary and future primary outcome in HS clinical trials.

AC K NOW L E D G E M E N T S
The Department of Dermatology, Zeeland University Hospital, 
Roskilde, Denmark; the Department of Dermatology, Erasmus 
University Medical Center, Rotterdam, The Netherlands; and 

T A B L E  3  Reduction in lesion counts between baseline and Week 12

IHS4- 55 HiSCR

Achiever Non- achiever p- valuea Achiever Non- achiever p- valuea

PIONEER- I

Inflammatory nodules, 
mean ± SD

9.35b ± 11.56 0.99 ± 6.58 <0.001 8.71b ± 8.04 1.53 ± 8.77 <0.001

Abscesses, mean ± SD 2.35b ± 3.31 0.44 ± 2.11 <0.001 2.44b ± 3.22 0.44 ± 2.18 <0.001

Draining tunnels, mean ± SD 2.78b ± 3.24 −0.46 ± 5.11 <0.001 2.20b ± 3.05 0.10 ± 4.88 <0.001

CRP, mean ± SD 4.52b ± 16.75 0.49 ± 17.65 <0.001 4.61b ± 12.52 −0.47 ± 16.46 <0.001

PIONEER- II

Inflammatory nodules, 
mean ± SD

5.76b ± 6.60 1.06b ± 5.93 <0.001 6.23b ± 5.08 0.89b ± 6.05 <0.001

Abscesses, mean ± SD 1.56b ± 2.41 0.09 ± 2.65 <0.001 1.50b ± 2.69b 0.25 ± 2.79 <0.001

Draining tunnels, mean ± SD 1.62b ± 3.61 −1.11 ± 4.93 <0.001 1.60b ± 2.67b −1.03 ± 4.44 <0.001

CRP, mean ± SD 4.92b ± 11.04 1.68 ± 16.42 <0.001 4.62b ± 14.83 0.46 ± 19.47 <0.001

Combined dataset

Inflammatory nodules, 
mean ± SD

6.89b ± 7.62 0.61b ± 6.27 <0.001 6.69b ± 6.25 0.74b ± 7.30 <0.001

Abscesses, mean ± SD 1.86b ± 2.71 0.16 ± 2.77 <0.001 1.91b ± 2.62 0.18 ± 2.81 <0.001

Draining tunnels, mean ± SD 2.12b ± 3.49 −0.79 ± 4.29 <0.001 1.88b ± 2.85 −0.53 ± 4.70 <0.001

CRP, mean ± SD 4.25b ± 14.55 0.49 ± 16.48 <0.001 4.60b ± 14.83 0.37 ± 16.61 <0.001

Abbreviations: HiSCR, Hidradenitis Suppurativa Clinical Response; IHS4, International Hidradenitis Suppurativa Severity Score System; SD, standard deviation.
ap- Value between groups (achievers vs. non- achievers) using corrected t- test with ANCOVA.
bp- Value within groups baseline to week 12 p < 0.05.
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